ABSTRACT -This paper describes a computationally efficient algorithm for transient stability simulation of large scale power syscem dynamics. The simultaneous implicit approach proposed by H. V. Dommel and I.1. Sato [l] has become the state-of-the -arc technique for production grade transient stability simulation programs. This paper proposes certain modifications to the Dommel-Sat0 method with which significant improvement in computational efficiency could be achieved. Preliminary investigations on a standard test syscem and on a large practical system indicate that the number of network solutions required for convergence per time step can be reduced at least by half. This algorithm finds potential application in real time simulation of generator dynamics for operator training. 
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The algebraic equations describe the steady state behaviour of the network, which includes loads and synchronous machines. The . An algorithm to minimize these iterations is described in the following section.
PROPOSED ALGORITHM
The basic structure of the proposed algorithm is the same as that described in [l]. The reduction in the number of network solutions per time step is obtained by a two-tier approach. In this algorithm, first, a coarse convergence is obtained for rotor angle ( 6 ) , with the terminal voltage being initially held constant at the value obtained in .the previous step. The final convergence is obtained through iterations using the triangularized admittance matrix, and the converged values of rotor angles. Initialize the synchronous machine variables. ii.
Form the bus admittance matrix [Y] , and triangularize it. iii.
Predict rotor angles for all generators using the formula [ll
iv.
Correct the machine rotor angles using the equation
The solution of swing equation is used as the rotor angle corrector. The equations for rotor acceleration and swing are MpW = Pm-P
Assuming that the real power (PI and rotor angular frequency (W) vary linearly over time step, and using Newton's method [2] , A 6 can be obtained as It can be observed that the coarse convergence for rotor angle is obtained in the loop iv-v-iv. The significant point is that the computationally intensive network solutions. are avoided 3aa in getting rotor angle convergence. Further this loop execution is quite fast, as it involves multiplication/ division-addition aperations, and is confined to generator nodes only.
. SIMULATION RESULTS
The performance of the proposed algorithm has been tested on two systems, viz.,(i) the nine bus, three generator standard test system proposed by Western System Coordinating Council (WSCC) [4] , and (ii) a 122 bus, 154 branch, 14 generator practical Indian power system 1 3 1 . The results obtained arc compared against that obtained with a production grade program based on Dommel-Sato method.
In the test on the WSCC system, the disturbance simulated was a three-phase fault on bus 7 at time t = 0.0 seconds, with the fault being cleared after five cycles of 60 Hz, by opening line 5-7. In this experiment, generator 2, being nearest to the fault, was represented by variable voltages behind transient reactances, and the remaining generators by the classical model. The step size of numerical integration was one cycle. The tolerance for angle was chosen as 0.0001 radian, and that for voltage magnitude as 0.01 per unit. It is observed that with the Dommel-Sato method, the maximum number of network solut'ions per time step is four, and that with the proposed algorithm is two. Fig.1 shows the relative swing between generator 2 and generator 1, from which it can be inferred that the results obtained by these methods are indistinguishable.
In the test on the Indian system, the disturbance simulated was a three-phase fault on bus 17 at t = 0.0 seconds with the fault being cleared after 5 cycles of 50 Hz. In this experiment, generators 10, 11 and 13 were represented by classical model, and the remaining generators by variable internal voltages behind transient reactances. The step size was 1 cycle. The tolerance for angle and voltage magnitude were the same as in the previous experiment. It was observed that with the Dommel-Sat0 method, the total number of network solutions for ten seconds was 1484, and that with the proposed algorithm was only 514. Fig.2 shows the relative swing between generator 9 (which is the one nearest to the fault) and generator 1, from which it can be inferred that the results obtained by these methods match closely.
. CONCLUSIONS -
In this paper, an algorithm for fast simulation of large scale power system dynamics is presented. The results of experiments on a standard test system, and on an Indian system indicate that with the proposed algorithm, considerable reduction in computation time could be achieved without affecting the accuracy appreciably. This feature of the algorithm makes it a potential candidate for real time applications. 
